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A B S T R A C T
Overweight is associated with hypertension, but longitudinal studies on the effect of weight gain on blood pressure
are relatively rare. Aim of this study was to investigate association of long-term overweight status as well as of becoming
overweight with hypertension. Odds of hypertension in 2008 were calculated for 1,383 respondents from Croatian Adult
Health Cohort Study (CroHort) who had normal blood pressure in 2003. The results showed that for women both
long-term overweight status and recently becoming overweight (in the last 5 years) were significantly associated with de-
velopment of hypertension, while for men this was true only for long-term overweight. Prevention activities aimed at
maintenance of normal body weight should be important part of primary prevention of hypertension.
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Introduction
Hypertension is important risk factor for circulatory
diseases and related to increase in mortality and cardio-
vascular morbidity1–4. Overweight is directly associated
with hypertension – risk of being hypertensive is two to
six times higher in overweight individuals5–7. Strength of
that association varies due to differences in age, gender,
ethnicity and lifestyle8–11. Intervention studies showed
that weight loss can prevent emergence of hyperten-
sion12,13 and reduce increased blood pressure in obese
individuals14 and lower blood pressure is associated with
reduced incidence of stroke and myocardial infarction15.
The prevalence of both hypertension and overweight is
increasing worldwide16–18 as well as in Croatia19 and they
both are significant public health problems.
The exact mechanism whereby excessive weight cau-
ses increase in blood pressure is still unknown, however,
one of its elements is stimulation of sympathetic activa-
tion by weight gain and influence on insulin and leptin
levels20. Activation of renin-angiotensin system and phy-
sical compression of the kidney by fat tissue might also
be involved in that process21.
Results of longitudinal studies on the effect of weight
gain on blood pressure confirmed that weight gain in-
creases risk of hypertension independently of baseline
weight status, although there are differences in strength
of that association depending on age and gender of res-
pondents22–24.
In this study we investigated association of long-term
overweight status as well as of becoming overweight with
hypertension in Croatian Adult Health Cohort Study




The sample of this study consisted of 3,229 respon-
dents (1,015 male and 2,214 female) who participated in
both Croatian Adult Health Survey 2003 and the fol-
low-up Croatian Adult Health Cohort Study (CroHort) in
2008. They were 18 years or older at the time of the first
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survey. Further details on this sample were described
elsewhere25.
Public health nurses measured blood pressure in re-
spondents’ homes both in 2003 and 2008, while weight
and height were self-reported by respondents on both oc-
casions and recorded on a questionnaire by public health
nurses. On both occasions blood pressure was measured
twice using a mercury sphygmomanometer, with respon-
dents seated for 20 minutes between the measurements.
Only respondents with normal blood pressure in 2003
(systolic blood pressure < 140 mmHg, diastolic blood
pressure < 90 mmHg and no record on usage of hyper-
tension medications) were analysed encompassing 1,383
respondents (396 male and 987 female).
Variables
Respondents who stated that they use anti-hyper-
tensive drugs or whose average blood pressure calcu-
lated from two measurements was equal or higher than
140 mmHg for systolic or equal or higher than 90
mmHg for diastolic blood pressure, were categorized as
hypertensive.
Respondents whose BMI was 25 kg/m2 or higher were
classified as overweight.
Statistical analysis
Prevalence of respondents who had normal BMI both
in 2003 and 2008, who were overweight both in 2003 and
2008 and who had normal BMI 2003, but were over-
weight in 2008 was calculated for each gender as well as
prevalence of hypertensive and normotensive respon-
dents in 2008.
Prevalence of hypertension in 2008 was calculated for
respondents with normal BMI both in 2003 and 2008, for
respondents who were overweight both in 2003 and 2008
and for respondents who had normal BMI in 2003, but
were overweight in 2008, separately for men and women.
The logistic regression analysis (adjusted for age) was
used to calculate OR for hypertension in 2008 for respon-
dents who were overweight both in 2003 and 2008 (BMI
 25) and for respondents who had normal BMI in 2003
(BMI < 25), but were overweight in 2008 (BMI  25)
compared to those respondents who maintained normal
BMI (BMI < 25) both in 2003 and 2008.
All confidence intervals (CI) were calculated with 95%
probability levels.
Statistical analysis was performed using SPSS (ver-
sion 14.01; License: Croatian National Institute of Public
Health).
Results
Both among men and women there was significantly
higher percentage of respondents who were overweight
both in 2003 and 2008 than respondents with normal
BMI both in 2003 and 2008. No significant difference was
recorded between men and women in percentage of re-
spondents with normal BMI both in 2003 and 2008, but
percentage of respondents overweight both in 2003 and
2008 was higher among men, while percentage of respon-
dents with normal BMI in 2003, but overweight in 2008,
was significantly higher among women.
There was no significant difference among genders in
percentage of respondents who were hypertensive in
2008 (Table 1).
For men, percentages of respondents with hyperten-
sion among respondents who had normal BMI in 2003
and 2008, respondents who were overweight both in
2003 and 2008 and respondents who had normal BMI in
2003, but were overweight in 2008 were not significantly
different. For women, percentage of respondents with
hypertension among respondents who had normal BMI
in 2003 and 2008 was significantly lower than among re-
spondents who were overweight both in 2003 and 2008
and respondents who had normal BMI in 2003, but were
overweight in 2008.
For men, logistic regression analysis showed that be-
ing overweight both in 2003 and 2008 was associated
with OR 1.70 for hypertension in 2008 compared to men
that maintained normal weight both in 2003 and 2008.
Having normal weight in 2003 and being overweight in
2008 was not associated with increased OR for hyperten-
sion among men. For women, logistic regression analysis
showed that being overweight both in 2003 and 2008 was
associated with OR 3.39 for hypertension in 2008, while
having normal weight in 2003 and being overweight in
2008 was associated with OR 3.79 for hypertension in
2008 compared to women that maintained normal weight
both in 2003 and 2008 (Table 2).
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TABLE 1
CHARACTERISTICS OF THE STUDY PARTICIPANTS WHO WERE NORMOTENSIVE IN 2003
Characteristic
Men Women
Number % 95% CI Number % 95% CI
normal BMI in 2003 and 2008 109 27.5 23.1–31.9 325 32.9 30.0–35.9
overweight in 2003 and 2008 200 50.5 45.6–55.4 409 41.4 38.4–44.5
normal BMI in 2003, but overweight in 2008 50 12.6 9.4–15.9 200 20.3 17.8–22.8
hypertensive in 2008 146 36.9 32.1–41.6 326 33.0 30.1–36.0
normotensive in 2008 250 63.1 58.4–67.9 661 67.0 64.0–69.9
Discussion
For women, both long-term overweight status and be-
coming overweight were significantly associated with de-
velopment of hypertension, while for men this was true
only for long-term overweight. Even recently becoming
overweight (in last 5 years or even shorter period) can in-
crease risk for hypertension among women. This is in ac-
cordance with results of various previous studies which
reported a positive association between change in BMI
and change in blood pressure22–24. However, there are
some differences: in majority of the studies change in
weight was more intensively associated with blood pres-
sure increase than stabile overweight status23,24,26, while
this was not the case in this study. Stronger association
between increase in body weight and hypertension among
women compared to men is in accordance with results of
some studies22, but there are also studies with opposite
results24 which emphasize the need for further research
of gender differences in influence of weight increase on
hypertension.
This study also confirmed association between long-
-term overweight status and hypertension among both
genders which is in accordance with previous research13.
Certain limitations of this study should be taken into
account in interpretation of its results: respondents were
characterized as hypertensive on the basis of average
from only two blood pressure measurements made in rel-
atively short time span or on the basis of respondent’s
statement about usage of antihypertensive treatment
which was potentially prone to response and recall bias.
Self-reporting of height and weight might have also been
influenced by response bias. As blood pressure measure-
ments were made during public health nurse’s visit to re-
spondent’s home, the incidence of »white coat hyperten-
sion« might have been reduced.
Extent of overweight among the respondents, high in-
cidence of becoming overweight in five years period and
strong association of overweight with hypertension point
out the importance of activities aimed at maintenance of
normal body weight as a part of primary prevention of
hypertension. According to the current guidelines, blood
pressure measurement is recommended once every two
years for healthy adults if they have blood pressure be-
low 120/80 mmHg and once per year if they have blood
pressure in prehypertension range 120–139/80–89 mmHg27.
Women who have recently become overweight as well as
both men and women who have been long-term over-
weight and their health care providers should pay special
attention to measuring their blood pressure regularly in
order to promptly detect emergence of hypertension and
start treatment as soon as possible.
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POVEZANOST HIPERTENZIJE S DUGOTRAJNOM PREKOMJERNOM TE@INOM I DOBIVANJEM
NA TE@INI: CroHort STUDIJA
S A @ E T A K
Pove}ana te`ina povezana je s hipertenzijom, me|utim longitudinalne studije o utjecaju dobivanja na te`ini na krvni
tlak relativno su rijetke. Cilj ove studije bio je istra`iti povezanost dugotrajne prekomjerne te`ine, kao i prekomjernog
dobivanja tjelesne te`ine s hipertenzijom. Za 1,383 ispitanika Hrvatske kohortne studije kardiovaskularnog zdravlja
koji su imali normalni krvni tlak 2003. godine, izra~unat je rizik za hipertenziju u 2008. godini. Rezultati su pokazali da
su kod `ena i dugotrajna prekomjerna te`ina, kao i nedavno (tijekom posljednjih 5 godina) prekomjerno dobivanje
tjelesne te`ine, zna~ajno povezani s pojavom hipertenzije, dok je kod mu{karaca povezanost s hipertenzijom zabilje`ena
samo za dugotrajnu prekomjernu te`inu. Preventivne aktivnosti usmjerene na odr`avanje normalne tjelesne te`ine
trebale bi biti va`an dio primarne prevencije hipertenzije.
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